[1] We estimated organic carbon (OC) burial over the past century in 40 impoundments in one of the most intensively agricultural regions of the world. The volume of sediment deposited per unit time varied as a function of lake and watershed size, but smaller impoundments had greater deposition and accumulation rates per unit area. Annual water storage losses varied from 0.1-20% and were negatively correlated with impoundment size. Estimated sediment OC content was greatest in lakes with low ratios of watershed to impoundment area. Sediment OC burial rates were higher than those assumed for fertile impoundments by previous studies and were much higher than those measured in natural lakes. OC burial ranged from a high of 17,000 g C m À2 a À1 to a low of 148 g C m À2 a À1 and was significantly greater in small impoundments than large ones. The OC buried in these lakes originates in both autochthonous and allochthonous production. These analyses suggest that OC sequestration in moderate to large impoundments may be double the rate assumed in previous analyses. Extrapolation suggests that they may bury 4 times as much carbon (C) as the world's oceans. The world's farm ponds alone may bury more OC than the oceans and 33% as much as the world's rivers deliver to the sea.
Introduction
[2] Lakes and impoundments are depositional environments. The material that accumulates in the sediments of these water bodies can be airborne deposits imported from outside the watershed, air-plus water-borne deposits imported from inside the watershed (allochthonous inputs), or created by biological or chemical processes that occur within the water body (autochthonous inputs). For organic carbon (OC) the ultimate source is past and present primary production, either in the watershed or in the water body. For either source the OC buried in the sediments of lakes or reservoirs represents short-to long-term-scale sequestration of atmospheric CO 2 . Globally, this burial of OC in the sediments of natural lakes has been estimated in the range of 30 to 70 Tg C a À1 [Dean and Gorham, 1998; Einsele et al., 2001; Mulholland and Elwood, 1982; Stallard, 1998 ]. The burial in impoundments is thought to be much larger (150 to 220 Tg C a À1 ) [Mulholland and Elwood, 1982; Stallard, 1998 ]. While these rates are modest in comparison with the current total storage of organic carbon (C) terrestrially (1000 to 4000 Tg C a À1 ) [Pacala et al., 2001; Randerson et al., 2002; Schimel et al., 2001] , they are comparable to the storage of OC in the sediments of the global ocean (about 120-240 Tg C a À1 ) [Duarte et al., 2004; Meybeck, 1993; Sundquist, 2003] . Further, the annual amount of organic C stored in lakes and reservoirs is of comparable magnitude to the delivery of OC by rivers to the ocean, about 400 Tg C a À1 [Meybeck, 1993; Probst, 2005] .
[3] The OC burial in impoundments is of particular interest because they are manmade structures. Whatever the ultimate source, the OC now stored in them met a different fate prior to impoundment. Further, the global estimates of impoundment OC storage are based on a limited suite of impoundment types. Missing from these estimates are major classes of very abundant, small impoundments that are also agriculturally impacted. These systems receive agricultural fertilizers that enhance autochthonous primary production. Further, agricultural lands tend to have carbon-rich soils that, when tilled, are very suscep-tible to rapid erosion. Thus these impoundments might be expected to have much higher rates of sediment OC accumulation than those in regions where agriculture does not dominate.
[4] There are several other unknowns concerning currently accepted estimates of global sediment organic carbon burial in reservoirs and impoundments. First, recent reviews [e.g., Dean and Gorham, 1998; Stallard, 1998 ] have used the same cited sources [Mulholland and Elwood, 1982] that are strongly influenced by data on sediment deposition in impoundments in certain regions of the United States [Dendy and Champion, 1978] . These data were collected using a variety of unstandardized methods of unknown accuracy collected by diverse government agencies for divergent purposes, were assembled to analyze changes in impoundment water storage capacity, not necessarily mass accumulation, and, following common practice [e.g., Ritchie, 1989] , inferred sediment dry bulk density (dry mass per unit volume) as average values from other studies [Dendy, 1968; Dendy and Champion, 1978] or simply as estimates of unspecified provenance. Estimates of volume and mass burial may thus be inaccurate. Further, many current published studies have not made direct or indirect estimates of sediment OC content or organic matter in the systems analyzed but have instead computed OC burial assuming an unweighted average sediment OC composition found in other studies [e.g., Ritchie, 1989] .
[5] The objective of this study was to estimate sediment OC deposition in a variety of impoundments in an agricultural region using estimates of sediment volume accumulation, dry bulk density, and sediment organic matter content estimated within those same ecosystems. This approach allows approximation of sediment OC burial over different intervals during the past century.
Methods
[6] We calculated sediment burial in 40 water bodies in the U.S. state of Iowa. The state of Iowa is one of the most productive agricultural areas in the world [Downing et al., 1999] , in which 90% of the total land area is under some form of agricultural use [Arbuckle and Downing, 2001] . The impoundments we studied varied in area from 0.008 to 42 km 2 (Table 1 ). This size of impoundment is extremely abundant in the world, covering >75,000 km 2 globally [Downing et al., 2006] , or about 30% of the Earth's 0.26 million km 2 of impoundments [Downing et al., 2006] . There are about 80,000 small impoundments (<0.02 km 2 ) in the state of Iowa alone. [7] We calculated the sediment accumulation rate in these impoundments directly by comparing series of sequential, repeated bathymetric surveys performed in different years. The loss of water storage volume between bathymetric surveys made in different years was considered to be the net sediment accrual over that time period. This method is the most accurate way of determining whole-lake sedimentation rates [Holeman, 1975; Morris and Fan, 1998 ], because it does not require upscaling from small-area sediment deposition records [e.g., Dendy and Champion, 1978] that can be biased by sediment focusing or nonrepresentative sampling.
[8] Bathymetric surveys were performed through ice with sounding rods, from boats with sounding rods, and using sonar from boats. Surveys using sounding rods determined horizontal position using standard surveying techniques. Sonar bathymetry was performed by sounding transects across predetermined courses. All depth data were adjusted to elevation benchmarks (usually the elevation of the lake spillway) to allow direct comparison. All maps were analyzed through planimetry to determine lake volume. Sediment accumulation was determined across the entire impoundment by calculating the differences between volumes and dividing by the number of years between bathymetric surveys. Bathymetric surveys were performed from 1913 to 1990 although most of the averages of first and last survey dates were between 1940 and 1960 (Table 1) . Where more than two bathymetric surveys were performed on a given water body, sedimentation rates over the longest possible time period were calculated.
[9] Sediment mass accumulation in 25 of these impoundments was determined as the product of total sediment volume accumulated and sediment dry bulk density (kg dry mass m À3 ). Determinations of sediment dry bulk density were made following standard methods [Rausch and Heinnemann, 1984] between 1978 and 1990 at many sites across water bodies, distributed to represent principal areas of sediment deposition. Sediment samples were extracted by hydraulically pushing Shelby tubes (7.6 cm diameter) into the sediment to the approximate depth of sediment deposition over the period of the bathymetric surveys. Cores were checked for compaction by noting differences between sediment core length and depth of hydraulic penetration [Schaefer, 1981] . Core samples were taken principally in the upper 60 cm of sediment at many sites in each lake [Iowa State Planning Board (ISPB), 1935; Lane and Koelzer, 1943; Laube, 1991] . Sediment core samples were divided into approximately 10 cm segments. Dimensions of segments of sediment were measured and volumes were calculated. Samples were oven-dried to constant mass [Julien, 1995] and dry bulk density calculated following standard methods and definitions [Julien, 1995; Spangler and Handy, 1982; Vanoni, 1975] . Particle sizes were also estimated on these sediment samples using the pipette method recommended by Vanoni [1975] . This was done to confirm dry bulk densities because these are often closely related to particle size distributions. The samples were dispersed with an air jet for 5 min rather through shaking overnight [Hallberg, 1978; Schaefer, 1981] .
[10] Sediment organic carbon concentration per unit dry mass was estimated by loss on ignition [Heiri et al., 2001] in 2005 in 16 of these same lakes. Sediment samples were sampled with a box corer from the upper 50 cm from the part of the lake representing the area of most rapid deposition [Morris and Fan, 1998] and that deposited over the span of surveys. Replicate samples were homogenized and subsampled before a known volume of sediment was weighed, dried to constant mass (60°C), reweighed, then ashed (550°C for 2 h), cooled in a dessicator, and reweighed. Loss on ignition (LOI) divided by 2.13 was used as an approximation of sediment organic carbon content because work performed within 50 -200 km of our sites [Dean and Gorham, 1976; Dean, 1974] with similar lake water cation chemistry [Dean, 1999] has shown that this method provides estimates of C content of lake sediments that are comparable in precision and accuracy to other methods across a range of loss on ignition from 6 -56%.
Results
[11] Sediment burial in these impoundments was substantial but in line with water storage losses seen in similar impoundments in other agricultural areas. Annual water storage volume loss or its equivalent sediment deposition (S; m 3 a À1 ) increased with the size of the watershed (Figure 1 ). Multiple regression, using values log transformed to linearize relationships, showed that storage loss and sediment deposition rate varied as (r 2 = 0.60, n = 40, p < 0.001), where the partial effects of A, W, and AW were statistically significant (p < 0.05) and are listed in order of their statistical strength. Impoundment area had the strongest influence on w (Figure 3 ).
[13] The sediment dry bulk density varied substantially among lakes and was roughly correlated with the rate of fractional annual water storage loss (Figure 4 ) as well as with w. Dry bulk density was correlated with particle size distributions in the expected way [Lane and Koelzer, 1943] . Dry bulk density varied from about 500 kg m À3 , which is about 4 times the dry bulk density of peat [Schlotzhauer and Price, 1999] , or about the dry bulk density of dry corn and wheat seeds [Trabelsi et al., 2001] , to 1500 kg m
À3
, which is about the bulk density of sand or firmly packed soils [Henderson et al., 1988; McNabb et al., 2001 ; Morris and , 1998 ]. The average dry bulk density observed in these lake sediments (942 kg m
) was only about 50% lower than the dry bulk densities of normal terrestrial soils [Calhoun et al., 2001] . The average and range of our dry bulk densities were comparable to those found for reservoirs and impoundments (1100 kg m
; range 320-2000) by Dendy and Champion [1978] and similar to those typifying dry bulk densities of materials found permanently submerged in impoundments [Stall, 1981] .
[14] Sediment LOI varied substantially among the 16 impoundments on which we measured it ( Table 1 ). The highest LOI was found in Clear Lake, a eutrophic, impounded natural lake with a small watershed, while the lowest LOI was found in Coralville Lake, a large flood control impoundment with a very large watershed. If sediment carbon is 47% of loss on ignition, as was found for lakes near our sites [Dean, 1999; Dean and Gorham, 1976; Dean, 1974] , the accumulating sediments we analyzed were composed of from 0.5% to 11% OC. Further, using standard least squares multiple regression analysis, we found that measured LOI, expressed as a fraction of sediment dry mass, varied systematically with both lake size and watershed size as
(r 2 = 0.84, n = 16, p < 0.001) where all variables are as in equation (1) and all regression coefficients were statistically significant (p < 0.05). Because of the joint influence of lake and watershed area on LOI, sediment OC also varied systematically with the ratio of the watershed area to the area of the lake. LOI as a fraction of dry mass of sediment is shown plotted in Figure 5 for the 16 impoundments for which we made direct estimates. Because some lakes were on private property or were recently drained or filled with soil, equation (3) was used to predict loss on ignition in impoundments where it was not estimated by direct means (italics on Table 1 ). The average LOI in the impoundments we studied was about 10.3%, which corresponds to a sediment OC content of about 4.8%, assuming that sediment OC is approximately 47% of LOI [Dean, 1974] .
[15] We approximated sediment OC burial using direct measures of hydrographic change and dry bulk density from 25 impoundments and approximations of sediment OC from direct measures of LOI on 16 impoundments and predicted LOI (equation (3) ) impoundment owned by farmer Charles Fienhold (Table 1) . Organic carbon burial was generally high in small impoundments, declining exponentially in large ones ( Figure 6 ). The data fit a power function:
(r 2 = 0.35, n = 25, p = 0.002), suggesting a rapid decline in carbon burial in large impoundments. Multiple regression indicated that there was no significant trend in burial rates with the median year of bathymetric surveys (p > 0.05).
Discussion
[16] Sediment deposition rate increased with both impoundment area and watershed size (equation (1)). Water storage loss rates seen in this study were similar to those seen in other studies of sedimentation in impoundments [Dendy, 1968; McHenry, 1974] . The relationship in equation (1) suggests that total sediment burial approximately doubles with a tenfold increase in impoundment size and increases slightly more rapidly with increased watershed size. Since sediment deposition rate per unit impoundment area declined as /A À0.6391 (equation (1)), and sediment accumulation (w; cm a À1 ) declined as /A À0.5733 (equation (2)), equations (1) and (2) imply an approximately fourfold reduction in areal sediment deposition (m 3 ) and accumulation (w; cm a À1 ) for a tenfold increase in lake area. This finding agrees with others who have suggested greatest burial of erosional materials in small impoundments [Smith et al., 2002] . Because the exponent describing the effect of watershed size in equations (1) and (2) is <1, large watersheds have smaller exports of materials, per unit area, than do smaller ones. This could occur because of the large diversity of terrain encountered in large watersheds, such that agricultural sediment delivery may be delayed through sequestration in wetlands, bottomlands, and intermediating water bodies, before it is delivered downstream. This well known relationship between watershed size and sediment delivery varies regionally with geomorphic history and regional topography [Renwick, 1996] and is thought to arise because of conveyance losses, low slope, low channel gradients, increased opportunities for deposition, and the likelihood that runoff originates in an area smaller than the whole watershed in large watersheds [Walling, 1983] . Small impoundments, however, accumulate a much greater volume of sediment per unit time and area than do larger ones. This may be due to the burial of shore erosional materials and trophic conditions in small impoundments that favor conservation of organic sediment material as well as higher sediment yields in the small watersheds of small impoundments [Walling, 1983] .
[17] The dry bulk density and the OC content of sediment deposits implied by LOI measurements varied much more than expected from previous analyses of OC burial. For example, the most frequently cited data on OC burial in impoundments [Mulholland, 1981; Mulholland and Elwood, 1982] used measured, volumetric sediment deposition rates converted to OC burial estimates assuming a dry bulk density of 1000 kg m À3 and a sediment OC concentration of 1.5%. Ritchie [1989] studied small impoundments across less agricultural regions of the United States and reported sediment organic carbon (1.9% ±1.1, as mass) and assumed a uniform dry bulk density of 1000 kg m 3 . Although bulk density assumptions were close to those we measured in 25 of our impoundments (Table 1 and Figure 4 ), except in those that were filling with sediment most rapidly, our LOI estimates of sediment OC concentrations were about threefold higher, on average, than those assumed by past studies. Past assumptions about average sediment OC concentration were based on data derived mostly in areas with fairly low terrestrial soil OC [Ritchie et al., 1975; Ritchie et al., 2004; Ritchie and McHenry, 1977] , lake sediment OC is known to increase with terrestrial soil OC in the watershed [Ritchie, 1989] , and soils in productive agricultural regions are often rich in OC, especially in depositional environments [Ritchie et al., 2004] .
Our estimates of sediment OC concentrations were highest in impoundments with small ratios of watershed to lake area ( Figure 5 ). This implies that OC burial in small lakes may be due both to allochthonous inputs from terrestrial soil erosion and to autochthonous C fixation driven by high nutrient concentrations in these small eutrophic lakes.
[18] Since we did not measure OC directly but calculated it assuming a constant relationship between LOI and OC, a source of error in our estimates could be the assumed relationship between LOI and OC. We chose to calculate OC from LOI assuming that 47% of LOI is carbon because this is what has been found in analyses of lake and impoundment sediments of similar water chemistry near to those we studied [Dean, 1999; Dean and Gorham, 1976, 1998; Dean, 1974] . Alternatively, if these impoundments have received a more substantial amount of soil from agricultural lands, somewhat more of LOI may be attributable to OC. For example, analyses of agricultural soils in our study area show that OC is an average of 68.2% of LOI [Konen et al., 2002] . Although ratios of OC to LOI are rarely lower in erodible soils or other sediments than the one we used (0.47) [Craft et al., 1991; Howard, 1965] , subsurface forest soils can have ratios of OC to LOI as low as 0.33 [Christensen and Malmros, 1982] . If algal organic material predominates sediment deposition, then ratios of OC to LOI could be as low as 0.4. Therefore our assumed OC to LOI ratio could lead to errors in estimated sediment OC burial of +45% to À30%.
[19] Rates of sediment OC burial we estimated from measured hydrographic change, measured sediment bulk density, and OC estimated from sediment LOI were orders of magnitude greater than those estimated in natural oligotrophic and eutrophic lakes and much higher than most estimates for reservoirs and impoundments [Mulholland, 1981; Mulholland and Elwood, 1982; Ritchie, 1989] . OC burial rates in oligotrophic lakes were in the range of 10 g m À2 a À1 and were about an order of magnitude higher in eutrophic lakes (Table 2 and Figure 7) , with small lakes (<10 km 2 ) showing somewhat elevated burial rates. In contrast, more than half of the OC burial estimates in our impoundments were >1000 g m À2 a
À1
, showing a steep decline in OC burial in larger water bodies. The high rates we observed are not without precedent, however, since some Asian impoundments (see Table 2 ) bury OC at similar rates [Mulholland, 1981] . Ritchie [1989] found that the 25% of the impoundments he studied with the highest sediment accumulation rate (w) and highest sediment OC content also had B > 1000 g m À2 a
. Incorrect assumptions concerning OC to LOI ratios in sediments would not alter our interpretation that these impoundments have high rates of OC burial relative to other aquatic ecosystems (Figure 7) . Our high estimates of burial derive principally from high rates of water storage loss due to deposition of high bulk density sediments containing substantial amounts of organic matter.
[20] Our estimates of OC burial in eutrophic lakes were made using uniform methods and are larger than some of those published elsewhere [Dean and Gorham, 1998; Mulholland, 1981; Mulholland and Elwood, 1982; Stallard, 1998 ]. Many prior estimates have been based on the same data on sediment deposition in impoundments collected by a diversity of methods by a variety of U.S. government agencies so the accuracy of these data ''varies greatly'' [Dendy and Champion, 1978] . Our higher estimates of OC burial derive both from higher estimates of sediment accumulation rates and our direct measurements of dry bulk density and sediment organic matter content. Renwick et al. [2005] have also noted that the historic sediment deposition data [i.e., Dendy and Champion, 1978] seem to yield lower estimates than do modern estimates made with uniform technologies. Further, calculations of OC burial from historical deposition rates have been made with assumed average dry bulk densities instead of more appropriate site-specific values [Dendy and Champion, 1978] and with low values of sediment OC content extrapolated from other lakes [e.g., Ritchie, 1989 ]. Because we found that dry bulk density and organic matter content of sediments varied markedly, and were each often greater than assumed in previous studies (e.g., Table 1 ), this may account for the relatively high estimates of OC burial we found in these impoundments.
[21] The rates of OC burial seen in these eutrophic impoundments were also large when compared to terrestrial OC accumulation. For example, Schlesinger [1997] reported OC burial rates in tundra and forests ranging from only 0.2 to 12 g m À2 a À1 (Table 2) . Disturbed soils (i.e., via agriculture and mining) returning to natural vegetation accumulate OC at rates from 21-110 g m À2 a
, while wetlands and peatlands accumulate 8 -105 g m À2 a À1 (Table 2) . OC accumulation in eutrophic, agricultural impoundments is high because they receive allochthonous OC through erosion, enhanced autochthonous OC through nutrient-driven primary productivity, and very high rates of preservation due to nearly continuous sediment anoxia.
[22] These estimates are important for several reasons. First, they indicate that OC burial is likely to be much greater in moderately sized and large impoundments than previously believed, especially where landscapes are disturbed and nutrients abundant. If these data are representative of other regions where impoundments have been created, the average areal OC burial rate in impoundments between 0.01 and 100 km 2 may not be quite as high as the rates we observed, but may average about 1000 g m À2 a À1 ; more than double the rate calculated in previous analyses [e.g., Dean and Gorham, 1998; Stallard, 1998 ]. Although extrapolation of these values to a world scale is speculative, if our analyses are representative, moderately sized impoundments may bury as much as 4 times as much carbon as the world's oceans [Dean and Gorham, 1998 ]. Although this is a highly provisional estimate for the burial of OC by constructed lakes, the potentially great intensity of OC burial in these systems warrants further refinement and investigation. Appropriate upscaling of these estimates to a global scale will require much more knowledge about the rate of OC burial in aquatic ecosystems and the factors that control it.
[23] Second, these analyses extend OC burial estimates to the smallest water bodies that dominate the area occupied [1982] , data for terrestrial ecosystems including peatlands and wetlands are from Schlesinger [1997] , and data for marine ecosystems are from Duarte et al. [2005] .
b Where means or medians were not available, the median was approximated as the median of upper and lower limits to the ranges of published values. Figure 7 . Sediment OC burial from this study compared to those observed in other analyses. Solid line is fit to the data in Table 1 as described in the legend of Figure 6 . Dashed lines indicate the magnitude of variation in this trend that could be due to a plausible range of alternative assumptions of ratios of OC to LOI. Data on eutrophic lakes, oligotrophic lakes, and the Caspian Sea were digitized from Mulholland and Elwood's [1982] Figure 1 .
by natural and impounded waters [Downing et al., 2006] . We have only recently gained some understanding of the number and areal extent of the smallest aquatic ecosystems, especially small impoundments that may have very short lives. Small agricultural impoundments have been shown to occupy >75,000 km 2 , globally, and are increasing in abundance [Downing et al., 2006] . If our data are representative of the order of magnitude of OC burial in these small impoundments, these impoundments may bury OC at an average rate of around 2000 g m À2 a
. If global estimates of farm pond abundance are accurate, these smallest impoundments, which have not been considered in prior OC burial estimates, may bury around 150 Tg of OC each year. This is in the range of 33% of all the carbon delivered to the ocean annually by the world's rivers [Degens et al., 1991; Stallard, 1998 ] and is near to the estimated annual carbon burial in the world's oceans [Meybeck, 1993; Sundquist, 2003] , excluding marine vegetated habitats [Duarte et al., 2004] . Although such upscaling of rates to a global level makes broad assumptions about the prevalence of high-OC burial in small impoundments, it suggests that the role of such water bodies may have been underestimated in the past. The impoundments we studied may be unique in these high rates of apparent OC burial or they may be indicative of a site of global OC burial that had not been previously estimated. More detailed data on OC burial in small aquatic ecosystems are needed to more completely understand the global implications of these small yet carbonactive ecosystems.
[24] Third, burial of OC in the sediments of impoundments includes autochthonous production and therefore may represent an active OC sink that has been heretofore underestimated. The negative relationship between the organic matter content of sediment and the relative size of the watershed to the impoundment area ( Figure 5 ) suggests that the impoundments with the least allochthonous input have the highest sediment organic content. Further, the highest sediment accumulation rates per unit impoundment area were found in the smallest water bodies (equation (1)). Rather than simply being burial points for terrestrial OC, the high rates of primary production in eutrophic impoundments may be responsible for a substantial fraction of the OC burial. That these OC burial rates include both allochthonous and autochthonous inputs is illustrated by rates of annual primary production that rarely exceed 1000 g C m À2 a
, even under very eutrophic conditions [Kalff, 2001; Wetzel, 2001] . The partitioning of OC burial between allochthonous and autochthonous sources is an important question that may be complicated by the confounding of C:N:P stoichiometry in impoundments receiving divergent agricultural signals [Arbuckle and Downing, 2001] and the assumptions of stable isotope analyses where diverse amendments are applied [Post, 2002] .
[25] Finally, although decreased delivery of sediments through improved farming practices have been seen elsewhere [Renwick and Andereck, 2006] , there is no indication in the data that OC burial has changed as farm practice has been improved over the last century. Erosion control has been a hallmark of improved farming practice in this agricultural region [Cole et al., 1993] , thus OC burial through soil erosion should have declined substantially over the analysis period. Although delays to conveyance of eroded agricultural sediment to lakes and the existence of a weak correlation between lake size and dates of surveys may impede the detection of the influence of improved soil conservation on organic carbon burial, the data do not suggest large differences between early and more recent OC burial. The lack of temporal correlation in OC burial rates suggests that impoundments do not only bury eroded terrestrial OC, but conserve a substantial proportion of atmospheric C fixation through autochthonous production driven by nutrient losses from intensively managed landscapes. Therefore the major agricultural improvement to practice in this region over the last century, i.e., decreased erosional losses [Yang et al., 2003] , may not have led to decreased OC burial because OC burial is driven by both erosion and nutrient-enhanced aquatic eutrophication.
[26] The sediments of eutrophic impoundments appear to be among the most active sites of C sequestration in the biosphere. Owing to the high rates of autochthonous production, the high rates of input of terrestrial carbon through erosion, and the long-term preservation of organic materials in anaerobic sedimentary environments promoted by high nutrient concentrations, areal rates of OC burial in eutrophic impoundments can be much larger than those observed anywhere else in the biosphere. This finding builds on previous studies showing that ponds and reservoirs can dominate the sediment budgets of large geographical areas [e.g., Renwick et al., 2005] and that erosion and sedimentation can be major OC sinks within the very large watersheds of major river systems [Smith et al., 2005] . Because these are constructed ecosystems, much of the OC sequestered in these lakes met a different fate prior to human development. A recent analysis [Downing et al., 2006] has suggested that impoundments, especially small, low-tech reservoirs, are growing in areal coverage from 1 -6% annually in many agricultural regions around the world (e.g., Europe, India, and the United States). Their increasing area and their extreme ability to sequester OC suggest that they have a growing importance as sinks in the global C cycle. [27] Acknowledgments. This work was conducted as a part of the ITAC Working Group supported by the National Center for Ecological Analysis and Synthesis, a center funded by NSF (grant DEB-94-21535), the University of California at Santa Barbara, and the State of California. We thank Pat Mulholland and Bob Lohnes for sharing data, Rick Cruse for soils information, Jim Raich for information on terrestrial carbon burial, and Bill Renwick, John Melack, Nina Caraco, and an anonymous reviewer for suggestions on the manuscript. Sara Conrad performed the sediment analyses.
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